ENG480 - Applied Fluid Mechanics by unknown
WARNING 
 
This material has been reproduced and communicated to you by or on behalf of Charles Darwin 
University in accordance with section 113P of the Copyright Act 1968 (Act). 
The material in this communication may be subject to copyright under the Act.  
Any further reproduction or communication of this material by you may be the subject of copyright 
protection under the Act. 
 
 
Do not remove this notice 
  
 Semester 1, 2018 FINAL EXAMINATION Page 1 of 11  
ENG480 – Applied Fluid Mechanics 
 
THIS EXAMINATION PAPER AND SUPPLIED MATERIALS ARE NOT PERMITTED TO BE REMOVED FROM ANY EXAMINATION VENUE IN ANY 
CIRCUMSTANCE.  THIS EXAMINATION IS PRINTED DOUBLE-SIDED. 
 
 
           Charles Darwin University 
                    Final Examination  
 
 
ENG480 – Applied Fluid Mechanics 
DURATION 
 
Reading Time: 10 minutes 
Writing Time: 180 minutes 
 
INSTRUCTIONS TO CANDIDATES 
This examination consists of 7 (seven) questions. Candidates are required to answer ALL questions.  
The total mark for this examination is 40 marks. 
 
EXAM CONDITIONS 
You may begin writing from the commencement of the examination session.  The reading time indicated above is 
provided as a guide only. 
This is a CLOSED BOOK examination 
Any non-programmable calculator is permitted 
No handwritten notes are permitted 
No dictionaries are permitted 
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Question 1:  
A Boeing 747 aircraft weighing 2597840 N, loaded with fuel and 100 passengers, takes off with an 
airspeed of 287 km/h. With the same configuration (i.e. angle of attack, flap settings, etc.), what is its 
take-off speed if it is loaded with 372 passengers? Assume each passenger with luggage weights 890 N.  
(4 marks) 
 
Question 2:  
A Boeing 747 aircraft flies at M = 0.87 at an attitude of 13 km on a standard day. The cabin is pressurized 
to an equivalent altitude of 2500 m in a standard atmosphere. A window in the cockpit is located where 
the external flow Mach number is 0.2 relative to the plane surface.  
(a) Find the speed of the aircraft.                    (1.5 marks) 
(b) Estimate the pressure difference across the window. Be sure to specify the direction of the net 
pressure force.                      (6.5 marks) 
 
Question 3  
Imagining you stand at the seashore with no high-rise buildings and observe a high-speed aircraft 
moving overhead at an elevation of 3088 m. You hear the plane 6.5 s after it passes directly overhead. 
Using a nominal air temperature of 4 °C, estimate  
(a) the Mach number                      (2.5 marks)  
(b) the speed of the aircraft                     (1.5 marks) 
 
Question 4  
Air flows isentropically through a converging-diverging nozzle. At a section in the converging 
portion of the nozzle, A1 = 0.2 m
2, p1 = 600 kPa, T1 = 20 °C and Ma1 = 0.3. For section (2) in the 






Ma1 = 0.3   
A1 = 0.2 m
2, 
p1 = 600 kPa, 
T1 = 20 °C   
Section (2) 
Ma2 = 3.5   
A2 = ?          
p2 = ?           
T2 = ?  
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Question 5  
A laboratory wind tunnel has a square cross section that is 305 mm2. Boundary layer velocity profiles are 
measured at two cross sections (see Figure 2 below) and displacement thicknesses are evaluated from 
the measured profiles. At section ①, the freestream speed is U1 = 26 m/s and the displacement 
thickness is 𝛿1
∗ = 1.5 𝑚𝑚. At section ②, located downstream from section ①, 𝛿2
∗ = 2.1 𝑚𝑚 .  
Calculate the change in static pressure between section 1 and 2. Assume standard atmosphere 






Figure 2:           
 
Question 6  
A fluid flows steadily past a flat plate with a velocity of 3.5 m/s. It is found that the critical Reynolds 
Number, Rex,cr, is 5 x 10
5. Find approximate location downstream from the leading edge where the 
boundary layer becomes turbulent and the boundary layer thickness at this location, if the fluid is  
(a) water at 15oC          (2 marks) 
(b) standard air           (2 marks) 
 
Question 7  
A supertanker is 380 m long and has a beam width of 68 m and a draft of 24.5 m. Estimate the force 
and power required to overcome skin friction drag at a cruising speed of 16.5 knots in sea water at 
10 0C (Kinematic viscosity of sea water = 1.4 x 10-6 m2/s; Density of seawater = 1020 kg/m3).  
 
Assumptions: Since the tanker is essentially rectangular in shape, you may neglect the effects due to 
both the bow and the stern. Hence the tanker hull may be represented as a flat plate, of length L 
and width b = 2*(draft) + beam. Consider the hull surface to be smooth and the critical Reynolds 
number is 500,000.  




Section ① Section ② 
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0oC= 273.15 K 
0
o
C= 273.15 K 
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